The objective of this prospective follow-up study (median follow-up time 20 years) was to investigate whether there are differences in cardiovascular disease (CVD) and all-cause mortality among hypertensive men and women by awareness, treatment and blood pressure (BP) control status. The study was carried out among 20 358 men and 21 537 women aged 25-64 years living in Eastern and south-western Finland within the framework of the North Karelia Project and the Finrisk studies. Risk factors of CVD and life-style habits were assessed by a self-administered questionnaire, BP and laboratory measurements. The participants were classified into five groups according to their BP status: (i) normotensive, (ii) patients treated with antihypertensive drugs and controlled for HT, (iii) patients treated with antihypertensive drugs but uncontrolled for HT, (iv) hypertensive people aware of their HT but untreated, (v) hypertensive people unaware of their hypertension (HT). In men, all-cause and CVD mortality was significantly higher in all HT subgroups compared with the normotensive group. The risk increase for CVD mortality was 49-125% and 27-79% for all-cause mortality, respectively. Treated and controlled hypertensive women at baseline did not have any increase in CVD (hazard ratio (HR) 1.14; 95% CI 0.89-1.46) or all-cause mortality (HR 1.09; 95% CI 0.72-1.67) compared with normotensive women. In men, however, the corresponding HR were 1.58 (95% CI 1.28-1.96) for CVD and 2.25 (95% CI 1.70-2.99) for all-cause mortality. Treated hypertensive women seem to benefit from achieving normal BP.
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Introduction
There is a firm evidence from epidemiological studies, that elevated blood pressure (BP) is an independent and strong predictor for cardiovascular disease (CVD).
1,2 Worldwide, 7.1 million deaths (approximately 12.8% of the global total) and 64.3 million DALYs (4.4% of the global total) were estimated to be due to non-optimal blood pressure. 3 The benefit of antihypertensive treatments in reducing the risk for cardiovascular events in persons with high BP has been well established in multitude of randomised trials but they usually had a relatively short follow-up. [4] [5] In light of this evidence, it can be nevertheless predicted that successful treatment of hypertension (HT) may reduce CVD and all-cause mortality at the population level.
Studies comparing CVD and all-cause mortality between treated hypertensive patients with normotensive individuals showed that treated hypertensive patients with normalised BP are still at higher risk for CVDs than normotensive persons. [6] [7] [8] [9] Controversial results have been published regarding health outcomes in normotensive people with health outcomes in treated and untreated hypertensive patients. [10] [11] [12] [13] [14] [15] Furthermore studies including women are rare. 10, 12, 15 The aim of this study was to investigate whether there are differences in CVD and all-cause mortality among hypertensive men and women by awareness, treatment and the BP control status at baseline.
Materials and methods

Study population
Since 1972, six independent cross-sectional surveys were carried out at 5-year intervals within the framework of the North Karelia Project and the FINMONICA/Finrisk studies. 16 An independent random sample was drawn from the national population register for each survey. In the first two surveys (1972, 1977) separate independent random samples of 6.6% of the middle-aged population were drawn in both areas. In 1982 In , 1987 In , 1992 , the samples were stratified by sex and 10-year age categories according to the WHO MONICA protocol. 17 The surveys methods followed the WHO MONICA protocol and were comparable with the methods used in 1972 and 1977. The FINMONICA study is the Finnish part of the multinational MONICA project initiated by WHO in 1982. The first two surveys were conducted in two regions: the provinces of North Karelia and Kuopio which are both located in eastern Finland. The survey expanded to the region of Turku-Loimaa in south-western Finland in 1982 and to other regions in 1992 (Helsinki and Oulu). Participants who took part in more than one survey were included only in their first survey cohort. The total sample included 41895 people. The participation rates varied between 71 and 94% in men and between 78 and 95% in women. Informed written content was obtained starting from the participants of the 1977 survey. At the time of the earlier survey it was not customary in Finland to ask for a written consent, but the participants were informed about the purpose of the study both in written and oral form. Each risk factor survey has been approved by the Institutional Review Board (IRB) before being carried out.
People who were earlier diagnosed with coronary heart disease (angina pectoris, infarction, n ¼ 2113), stroke (n ¼ 380), heart failure (n ¼ 1624) or cancer (n ¼ 132) at baseline, and those who were physically inactive because of severe disease or disability at baseline (n ¼ 1879) were excluded from the study. After a further exclusion of individuals with incomplete data on physical activity (n ¼ 2271), height or weight (n ¼ 793), serum cholesterol (n ¼ 201), smoking (n ¼ 852) or blood pressure (n ¼ 27) the final sample comprised 20358 men and 21537 women.
Assessment of risk factors for CVD Self-reported smoking habits were classified according to three categories: never smokers, ex-smokers (those, who had smoked regularly but had stopped smoking at least 6 months before the survey) and current smokers. Education was categorised in years and the subjects were divided in following categories: (i) low, 0-6 years of schooling; (ii) middle, 7-9 years of schooling; (iii) high, 49 years of schooling.
Height, weight and blood pressure were measured by nurses specially trained for the survey procedures. Height was measured to the nearest 0.5 cm. Weight was measure in light clothing. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared.
Blood pressure was measured twice from the right arm of the participant, using a standard mercury sphygmomanometer. The fifth phase of the Korotkoff's sound was recorded as the diastolic BP. In 1972 and 1977, BP was measured once and a shorter cuff bladder (23 cm) was used than in later surveys (42 cm long and 13 cm wide (1982 and 1987), 14 cm wide and 40 cm long in (1992 and 1997), respectively). Since 1982, BP was measured twice and the mean of these two BP measurements was used in the analyses. A person was considered to have hypertension when the average BP was at least 160 mm Hg systolic or 95 mm Hg diastolic, or if he or she reported having taken antihypertensive drugs during the preceding 7 days. Since 1982, BP was measured twice and the mean of these two BP measurements was used in the analyses. A person was considered to have hypertension when the average BP was at least 160 mm Hg systolic or 95 mm Hg diastolic, or if he or she reported having taken antihypertensive drugs during the preceding 7 days. The reason for choosing these BP levels rather than currently recommended 140/90 mm Hg for the definition of hypertension is that during most of the follow-up these were the official treatment thresholds of the national guidelines in Finland. 18 Information on awareness of hypertension the use of antihypertensive drugs was obtained with a selfadministered questionnaire. Awareness of hypertension was defined as a participants having reported an earlier diagnosis of hypertension or current use of antihypertensive drug treatment. People on antihypertensive drug treatment, whose measured BP level was o160/95 mm Hg, were considered to be adequately treated (controlled) in this analysis. The study population was classified into five groups according to their BP status: (i) normotensive participants (measured BP level o160/95 mm Hg and without any hypertensive drug treatment); (ii) hypertensive patients treated with antihypertensive drugs and controlled for HT; (iii) hypertensive patients treated with antihypertensive drugs and uncontrolled for HT (iv) hypertensive people aware of their hypertensive status but untreated; (v) unaware and untreated hypertensive patients.
Total cholesterol was determined by using Lieberman Burchard method in 1972 and 1977, and an enzymatic method (CHOD-PAP, Boehringer Mannheim, Mannheim, Germany) since 1982. As the enzymatic method gave 2.4% lower values than the Lieberman Burchard method, 1972 and 1977 values are corrected by this percentage. All samples were analysed in the same central laboratory.
Participants who reported having diabetes on the questionnaire, or who had had a hospital discharge diagnosis of diabetes, or the approval for free-ofcharge medication for diabetes before the baseline survey or during the follow-up were classified as having diabetes. Data on diabetes medication were ascertained from the national Social Insurance Institution's register on special reimbursement for anti-diabetic drugs from 1964. Anti-diabetic drugs prescribed by a physician are free of charge in Finland and are subject to approval of a physician of the Institution who reviews each case history.
Leisure-time physical activity, occupational physical activity and commuting activity were determined by a self-administered questionnaire. The time frame of the activity questionnaire was a typical week. Leisure-time physical activity was classified as follows: (i) high: participation in recreational sports (for example, running, jogging, skiing, gymnastics, swimming, ball-games or heavy gardening) or in intense training or sports competitions for at least 3 h a week; (ii) moderate: walking, cycling or practising some other form of light exercise (fishing, gardening and hunting) at least 4 h per week; (iii) low: reading, watching TV or working in the household without much physical activity.
Occupational physical activity was classified as follows: (i) high: lots of walking and lifting at work, taking the stairs or walking uphill (for example industrial work, farm work, forestry); (ii) moderate: walking quite a lot at work without lifting or carrying heavy objects; (iii) low: mostly sedentary work without much walking (for example, working in an office).
Commuting activity was classified as follows: (i) high: 430 min physical exercise (walking, cycling) every day while getting to work and back home; (ii) moderate: exercising between 15 and 30 min daily on the way to work and back home; (iii) low: exercising o15 min daily on the way to work and back home.
Women with moderate and high leisure-time physical activity, occupational physical activity and commuting activity were combined because there were only a few outcome events in each category.
Outcome definition
The original survey data were complemented by linkage to the nationwide death register of Statistics Finland according the unique national personal identification number that every Finn has. These records covered the period from January 1970 to 
Statistical analyses
Statistical analyses were carried out with SPSS for Windows 14.0. The Cox proportional hazards model was used to estimate the association between hypertension subgroups and the risk for total and CVD mortality. Analyses were adjusted first for age, study area and study year (A) for then for age, study region, study year, education, smoking status, systolic blood pressure (SBP), cholesterol level, BMI (B) and finally also for physical activity (C). The data of all six surveys were pooled together, because no first-level interaction was found between blood pressure treatment groups and these variables regarding CVD or total mortality. Blood pressure group variables were entered into the model as categorical variables, and the statistical significance of different categories of physical activity was tested in the same models, with the normotensive category as reference group. The proportional hazards assumption in the Cox model was assessed with graphical methods. Estimated hazard ratios and their 95% confidence intervals (CI) are presented.
Results
The baseline characteristics of the study population are presented in Table 1 (men) and Table 2 (women). Normotensive men and women seemed to have lower initial BMI than the people classified to one of the three hypertensive groups. Smoking prevalence was lowest in the treated hypertensive group. In contrast, the prevalence of diabetes, was highest in treated hypertensive people, and those with treated and controlled hypertension had a lower serum cholesterol level than participants treated, but uncontrolled for hypertension.
During a median follow-up of 20 years, 3615 men died, 56% due to CVD, and among the deceased women 40% (total deaths 2012) were due to CVD (Table 3 and 4). All-cause mortality was higher in all four hypertensive subgroups among both men and women compared with the normotensive groups ( Table 3) . The increase in all-cause mortality was between 58% and 79% (95% CI 28-105%) among men who were treated with antihypertensive drugs and 46% (95% CI 31-63%) among those who were aware of being hypertensive but untreated at baseline when adjusted for age, BMI, smoking, serum cholesterol, education, diabetes SBP and different forms of physical activity. Treated hypertensive women with controlled hypertension did not experience a significant increase in mortality from all-causes compared with normotensive ones. Treated hypertensive women with uncontrolled HT (HR 1.64), those aware but untreated hypertension (HR 1.44) and those unaware and with untreated hypertension (HR 1.39) all had significantly increased mortality risk.
The increase in CVD mortality remained significant after adjustments (HR 2.25; 95% CI 1.70-2.99) for hypertensive treated and controlled men (Table 4). However, there was no statistically significant increase in CVD mortality in hypertensive women whose BP was controlled compared with normotensive women (HR 1.09 (95% CI 0.72-1.67)).
Discussion
This prospective population-based observational study with a median follow-up time of 20 years shows that both men and women with uncontrolled hypertension at baseline have a higher risk of CVD and all-cause mortality than normotensive people. Hypertensive women who have adequately controlled blood pressur seem to have no increase in the risk of CVD and all-cause mortality.
Our results in men are in line with the Primary Preventive Study in Gothenburg reporting that despite of rather good blood pressure control, there was a significantly increased mortality rate in treated hypertensive patients compared with normotensive individuals. [6] [7] [8] Almgren et al. 6 showed in a 25-28 years follow-up of a cohort of men with antihypertensive therapy that coronary heart disease mortality was almost doubled in treated hypertensive men compared with normotensive men. Total mortality was increased by about one third in treated hypertensive patients.
In contrast to our study, the Copenhagen City Heart Study did not find a significant difference in CVD mortality between patients receiving antihypertensive medication and normotensive people. 9 However, their hazard ratio for all-cause mortality in patients with antihypertensive treatment was statistically significantly increased (HR 1.7 (95% CI 1.5-2.0)) as shown in our study, too.
The most likely explanation for the difference in CVD and all-cause mortality risk between hypertensive and nonhypertensive patients is that hypertensive patients are more exposed to atherosclerotic risk and target-organ damage already before and probably also during therapy if BP remains high. Furthermore, there was a substantial difference in risk factor profile between hypertensive and nonhypertensive people already at baseline. BMI and serum cholesterol levels were significantly lower in the normotensive group than in the hypertensive groups. 
Control of hypertension NC Barengo et al
The findings in studies comparing treated with untreated hypertensive people are controversial. The Reykjavik Study compared controlled people with controlled and uncontrolled hypertension at baseline in a 30-year follow-up regarding CVD mortality. 10 They reported that the level of control of blood pressure among hypertensive-treated individuals at baseline was associated with a lower A, adjusted for age, study area and study year; B, adjusted for age, study area, study year, body mass index, serum cholesterol, systolic blood pressure, education, diabetes and smoking status; C, adjusted for age, study area, study year, body mass index, serum cholesterol, education, diabetes, smoking status, leisure-time physical activity, occupational physical activity and commuting activity.
risk of CVD mortality in men and in women. It is interesting that, during the first ten years of followup, treated men had a higher risk for CVD mortality than those who were untreated, which was most likely because of a worse baseline risk profile. 10 However, no differences regarding all-cause mortality were found. 19 A cohort study from the Department of Health Hypertension Care Computing Project reported that men and women with controlled hypertension were at lower risk of ischemic heart disease and stroke mortality compared with men and women with uncontrolled hypertension. 12 Furthermore, a study on 4714 treated hypertensive men with a mean follow-up of 14 years showed that after adjusting for age and associated risk factors, men with uncontrolled blood pressure were at higher risk for CVD mortality than hypertensive men who had their blood pressure controlled. 14 Few studies did not find any effect of hypertension treatment on CVD mortality. 11, 13, 15 However, their follow-up times were rather short, 7 years 11 and 5 years, 13 respectively, and it may be argued that exposure time was not sufficient to show any beneficial effect of antihypertensive therapy. It is also possible that changes in hypertension care have influenced outcomes obtained during the long-term follow-up.
Compared with the treated but uncontrolled patients the patients with treated, controlled hypertension had lower estimates for CVD and all-cause mortality. People with treated, controlled hypertension had much lower blood pressure at which may reflect additionally to the possible effect of treatment also the fact that some of these people have had lower BP even without treatment. Thus, the category controlled, treated hypertension tend to select patients with lower initial CVD risk.
Especially in men, adjusted HRs for hypertensive, unaware and untreated participants were lower than in the hypertensive, treated and controlled groups. Most likely patients with treated hypertension have had more severe hypertension. As treated men were older their hypertension and thus the exposure may have persisted longer than in the unaware hypertensive groups.
Hypertension care has improved significantly in Finland during 1982 to 2002. Nevertheless, the difference between the actual situation at the population level and the treatment goals presented by the hypertension guidelines remains far from optimal. 20 Even though the lipid profile of both the hypertensive and normotensive population has significantly improved in both the hypertensive and normotensive population in Finland from 1982-97, unfavourable trends, however, have been observed in mean BMI and alcohol intake in the entire population in Finland. [21] [22] [23] Thus, it has been suggested that the health behaviours of hypertensive people should be carefully monitored and modified in a more systematic and efficient way than at present. 21 Even though antihypertensive drug treatment has probably contributed significantly to the decrease of BP in treated hypertensive patients, drug treatment can explain only part of the decline of the BP level in the entire population. [24] [25] [26] [27] A community approach with mainly nonpharmacological treatment produces reductions in blood pressure levels and is cost effective in reducing CVD morbidity and mortality. 28, 29 This is consistent with the recent guidelines that indicate that the prognosis of hypertensive individuals largely depends on risk factors other than BP alone, including comorbidity and the targetorgan damage. 30, 31 At the population level, severe hypertension leads to considerable losses in terms of years of life lost, years of work lost and costs. 32 As we pointed out, we chose as cut-off levels for the definition of high blood pressure 160/95 mm Hg rather than the currently recommended 140/ 90 mm Hg because during most of the follow-up time these were the official treatment thresholds and targets according to the national guidelines in Finland. 18 We carried out some analysis using the currently recommended cut-off levels as well. However, the number of people in the hypertensive treated and controlled group become too small in both men and women for meaningful statistical analysis.
It has been shown that besides education, also other social factors such as marital status and occupation influence prognosis in hypertensive patients. 33 Further studies may address specifically the influence of these factors in treatment of hypertension.
Our study is population based, comprising a large number of men and women from a homogeneous population. The median follow-up, 20 years, was long enough that the largest number of outcome events was ascertained without loss of follow-up. The participation rates were high which makes it possible to apply the results directly to the general population. Furthermore, this is to our knowledge the first study to analyse separately the associations between different subgroups of hypertension among men and women regarding all-cause and CVD mortality.
The optimal design for studies like this would be to have follow-up measurements of a large population cohort repeatedly over time. However, this would be very costly and no such cohort exist up-todate investigating effects of hypertension treatment over time. Cross-sectional epidemiological studies are therefore much more common. They provide information about effects that may have a long history (sometimes even life-long), and possible changes after the baseline measurements in crosssectional studies may sometimes have only limited effects on the prognosis of the participants. Specifically, regarding hypertension, the open-label follow-up with active antihypertensive drug therapy after several years of the original placebo-controlled treatment phase of the Syst-eur trial showed that the effects of the initial placebo-controlled treatment were carried over the subsequent 5-year active treatment period. 34 The design used in this study is very commonly used in these kind of studies acknowledging its possible limitations, as we have done.
Naturally, our study had some limitations. The baseline assessment of our cohort is limited to a single examination, when subjects entered the study as it is usual for large prospective studies. It cannot control for changes in compliance or a shift of subjects between categories during the study period. We are aware that this may cause misclassification that underestimates the true effect of hypertension control. We cannot completely exclude either effects of residual confounding attributable to the measurement error in the assessment of confounding factors or some unmeasured dietary factors. In addition, we do not have specific information on hypertension treatment in the past or during the follow-up as the effect of different therapeutic options on prognosis of cardiovascular and all-cause mortality may vary. Furthermore, it has to be kept in mind that the results may be affected by white-coat hypertension which is more prevalent in women than men and masked hypertension which is much more common in men than women. 35 
